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COMMENTS OF THE

VIRGINIA MUNICIPAL STORMWATER ASSOCIATION INC

REGARDING US SPAS DRAFT CHESAPEAKE BAY TMDL AND

VIRGINIAS DRAFT CHESAPEAKE BAY TMDL WIP

MODELING COMMENTS

EPA expects VAMSA members and others to comply with an extraordinarily expensive and

operationally cumbersome cleanup plan However EPA itself has not fulfilled its obligation to

ensure that its modeling framework is adequate to support its TMDL and the accompanying

WLAs and LAs If EPA presses forward with finalizing the TMDL over the objections of Bay

dischargers and interested stakeholders despite the faulty model that it has put forth in support of

its TMDL its decision to do so will be arbitrary and capricious

Like any model EPAs Bay model is a highly imperfect representation of reality Over time

EPA has inappropriately shifted to using it in ways that are beyond its capabilities eg
predicting DO concentrations and nonattainment rates in specific segments to the single

percentage point level under farreaching management scenarios This has resulted in wide

swings in predicted loads and goals with each major model version VAMSA believes that this

instability will continue to occur in the future as the model is periodically modified

VAMSA objects to overreliance on unstable models to the single percentage point of output

such that environmental policies are undermined with each new model run Following are

examples of problematic modeling issues that should cause EPA to shy away from major

disruptions to state regulationspolicy on the basisof singledigit shifts in model output

1 Lack of full model validation and peer review The Scientific and Technical

Advisory Committee STAC has placed a strong emphasis on the need for model

validation STAC 2006 calling validation an essential and a required step in

model development particularly if the model is to be used for TMDL

development purposes STAC 2008b Although the watershed model WSM
appears to have been subjected to some kind of validation the public

documentation of the validation is very poor Moreover it is unclear if the Water

I
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Quality and Sediment Transport Model WQSTM has been validated in any

manner It also appears that the STAC reviews of the WQSTM have focused on

the sediment clarity and SAV components and there may not have been a

complete peer review of the latest version of the full eutrophication and DO
simulation

2 The model is being extrapolated beyond the observed range of management

controls and living resources The model framework has been calibrated using

data from years with widely varying hydrologic conditions However none of the

calibration data are representative of management controls or living resources that

being called for as part of the Bay TMDL and related goals Therefore there is

simply no way to verify that the Bay system will respond precisely as predicted

The model predictions of attainment are best characterized as rough

approximations rather than highlyprecise predictions

3 An estimate of model uncertainty should be used to determine the essential

equivalence o
f model scenarios EPA was correct to implement an interpretive

rule the 1 rule by which modelpredicted nonattainment is considered

indistinguishable from zeroHowever the onepercent magnitude underestimates

the model error and overestimates the precision of both the model and monitoring

data Based on the analysis of Bell 201 Ob segments that are close to attainment

would require spatial DO violation rates that differ by 4 or more before they

would be statistically distinguishable from one another EPAs justification for the

1 magnitude was not based on calibration or validation statistics but by an

analysis of the sensitivity of simulated to DO attainment to simulated load

reductions2

It is recommended that the EPA further evaluate the statistical power

of the model and monitoring to distinguish between nonattainment rates of

differing magnitude With the information in hand VAMSA concludes that the1 rule should be a 4 rule at minimum

4 Inaccuracy of groundwater inputs The model handles groundwater inputsloads

in a very simplistic manner that

is

dissimilar to physical reality Or as stated by

STAC 2008a the model does not represent the full coupling of the

groundwater to the surface water system on a regional scale Considering that

50 of the total freshwater flow to the Bay is

derived from groundwater

Bachman and others 1998 this is a major model limitation and source of

uncertainty for management scenarios

5 Lack of criteria for acceptance of model predictions Predictions of dissolved

oxygen and chlorophylla in some segments are characterized by anomalies eg
counterintuitive trends with decreasing loads EPA recognized many of the most

obvious problems and used poor model behavior as a justification for not using

2

Batiuk R and Shenk G 2010 Technical Rationale for Documenting Attainment for 1 Nonattainment

Dissolved Oxygen Criteria Values Attachment C2 for StateDistrict CoRegulators June 14 2010 Conference Call

Attachment B to this Appendix
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DO or chlorophylla attainment in many segmentseasons eg Keisman 2010a

Keisman 2010b However in most of these cases the underlying causes were

not identified and full implications of these problems for the model were not

explored The same problems that caused obviously poor model behavior in some

segmentseasons might be also causing more widespread but less obvious

problems in other segmentseasons We see no evidence that the CBPO developed

objective criteria for the acceptance or rejection of model results in these

circumstances Poor behavior of the James River chlorophylla model is discussed

in the VAMSA comments at Section V

6 Poor chlorophylla calibration The chlorophylla calibration is obviously very

poor in many segments eg tidal freshwater James and EPA has not

demonstrated that the model is a useful predictor of annual changes in

chlorophylla in other key segmentseasons This comment is discussed in more

detail in Section V

7 Instability and inaccuracy in urban land use assumptions The watershed model

suffers from questions regarding accuracy of the urban land use acreages Urban

land use breakdowns have been very unstable between model versions and even

subversions varying with different derivation methods and assumptions For

example the urban land use breakdown varied by millions of acres between

model version 52 and 53 It is unclear whether the latest version

is accurate or

has been adequately groundtruthed Urban stormwater loads and implementation

costs are highly sensitive to the assumptions regarding urban land use

breakdown3

8 Missing point sources VAMSA has learned from VAMWA that the current

version of the model framework does not include 139 active Virginia point

sources Further EPA is aware of this error however it has not been corrected

due to a lack of time until EPAs selfimposed December 31 2010 deadline

9 Inappropriate application ofwatershed model to local level In their review of the

Phase 5 watershed model STAC 2008 clearly stated that the model was not

appropriate for use at the local level and would need recalibrationresegmentation

for this application It is unclear then why the Bay Program is continuing to

promote the application of the model to determine locallevel loads and

allocations and why EPA

is calling for such values in the Phase 2 WIPs

10 Oveiparamterized modeling fraamework The model combined modeling

framework is so complex and highly parameterized that there are no unique

calibration solutions it is easy to obtain the right answer for the wrong
reason Calibration also relies on regional calibration factors that act as black

box knobs divorcing the model result from physical understanding of the

3
Materials at Attachment C to this Appendix
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processes While necessary for calibration these factors introduce yet another

source of uncertainty into model predictions

11 Inconsistent hatershed model results We understand that a consultant retained by

another stakeholder has run the watershed model has obtained widely different

results on different computers We encourage the Bay Program to fully investigate

the reasons and implications of this finding

B EPAs Critical Period Is Appropriate

VAMSA concurs with EPAs decision to use 199395 as the critical period for the nutrient

TMDL4 This period had relatively high winterspring inflows but not so extreme that the

TMDL would be based on an extremely rare hydrologic event A TMDL based on 199395

hydrology will be protective under the great majority of hydrologic conditions

C EPAs Use of an Implicit Margin of Safety Is Appropriate

The Draft TMDL depends on a very complex framework of water quality standards assessment

methodologies and models to derive allocations each with its own environmental conservatism

This combined framework results in a sum level of conservatism reflecting all of the contributing

sources of conservatism For example the water quality criteria themselves are conservative as

stated in the original criteria document EPA CBPO 2003

these criteria were developed with conservative protective assumptions allowing

a small percentage of circumstances in which the criteria may be exceeded will still

fully protect the tidalwater designated uses

The assessment methodology includes several conservative elements such as the fact that any

exceedance of the cumulative frequency distribution CFD reference curve is
considered a

potential violation even if the segment being assessed has a lower total violation rate intimespaceie area under the CFD curve than the reference condition The use of the default10percentreference curve for some criteria

is

also conservative in that Bay sites that are believed to

be complying with standards are being found not to be in compliance based on conservative

assumptions of the TMDL The fact that the TMDL is developed for a critical 3year condition

instead of average conditions provides another layer of conservatism

Furthermore although the model is not designed to be explicitly conservative a review of the

UMDMAWP Year 1 and Year 2 BMP efficiency reports revealed many examples of where

conservatively low BMP efficiencies were selected for use with the Phase 5 watershed model

For example

BMP
Conservative Assumption from Year 1 2 BMP

Efficiency Reports

Riparian buffers a 20 reduction in the effectiveness values is applied to

4See July 16 2009 Technical Memorandum from C Bell to C Pomeroy Analysis of JanuaryMay Inflows to the

Chespeake Bay during the 199698 Period and other materials Attachment D to this Appendix
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efficiencies from literature sources

Urban wet ponds The uncertainty in how improper maintenance will adjust

and wetlands BMP efficiencies supports the recommendation to use a more

conservative percent removal estimate

Dry detention effectiveness estimates for Dry Detention PondsBasins

basins and Hydrodynamic Structures were not changed based on the

recommendation of the USWG Howeverthe available

literature does suggest somewhat higher removal rates

Bioretention The 10 TN concentration reduction is a conservative

judgment

Vegetated open A more conservative value from the CWP estimate was

channel selected

Permeable a conservative approach is taken to estimating permeable

pavement pavement and paver performance

Infiltration basins a 15 reduction in TN is used here for systems with sand

and trenches or vegetation and 0 TN removal for systems without sand

andor vegetation to be consistent with the other infiltration

and filtration BMPs in this report and to be conservative

Offstream we proposed values close to the conservative literature

watering base

The Bay Program Office has identified specific sources of environmental conservatism that are

built into the analysis that justify an implicit margin of safety for the TMDL

The fact that allocations to achieve DO standards are driven by a relatively small

area in the Bay segment CB4 and that most of the rest of the Bay system would

achieve DO standards under higher nutrient loading levels

s The fact that 100 of point sources are assumed in model scenarios to operate at their

maximum permissible loading levels which is highly unlikely to ever occur

Given the multiple layers of conservatism in the TMDL allocation process VAMSA supports

EPAs decision to use an implicit margin of safety

D EPAs Failure to Recognize Essential Equivalency in Its Target Load Options is

Unreasonable

In the determination of basin nutrient loadings 190 TN and 127 TP EPA utilized the I rule to

determine compliance with the exception of certain problem segments VAMWAs
consultant Clifton Bell of Malcolm Pirnie performed a statistical power analysis to evaluate

the minimum difference in DO that would be statistically detectable

in

the Chesapeake Bay

Monitoring Program5 Based on the results of this analysis segments that are close to attainment

would require spatial DO violation rates that differ by 4 or more before they would be

5
See Attachment E to this Appendix
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statistically distinguished from one another The management implications are that Bay model

DO scenario results with differences less than 4 should be considered essentially

equivalent This is not the case in the current TMDL Based on the above referenced power

analysis the scenario associated with Target load Option A produces results that are

essentially equivalent to EPAs recommended basin target loads of 190 mpyyr TN and 127

mpyyr TP At this level of nutrient loading the key Bay segments of CB4MH CB5MH

MD5MH and VA5MH are predicted to be in attainment or be within 2 of attainment It is

recognized that Target load Option A would not immediately address attainment in some of the

side segments However effectively addressing these side segments would require separate

locally oriented modeling analysis with tools better adapted to evaluating local conditions The

Target Load Option A to comply with DO standards in the main bay is essentially equivalent to

the more stringent and costly to attain allocations associated with 190 TN and 127 TP and the

TMDL this must be recognized in the TMDL

E EPA Should Assume Better Design Installation Operation and Maintenance for

Modeled BMPs

It is well known that historically many nonpoint BMPs have not been accompanied by programs

or methods to ensure proper design installation operation or maintenance It is reasonable that

model calibration scenarios should assume at a minimum historical average management

conditions Any other approachincluding the use of conservatively low valueswould make

the model less accurate and force management decisions that may be more costly andor provide

less benefit However it is

not necessary for forwardlooking management scenarios to retain

the assumption of historicallyaverage BMP management Rather improvements in

the way

BMPs are installed operated and maintained are a viable implementation component Modeled

TMDL allocations scenarios should reflect the manner in which BMPs should be designed

operated and maintained not necessarily how they have historically been managed

One example of where EPA and the Bay States have assumed a high level of nutrient removal

performance is for wastewater treatment plants The performance expected and used in the

model

is

based on properly installed operated and maintained facilities The standard for

performance relative to design of any nutrient removal strategy wastewater plants BMPs filter

feeders etc used in the Bay model should not be different6

These actions would improve the effectiveness of BMPs to reduce loads and improve reasonable

assurance of reductions from these sectors

6
See VAMWA Chesapeake Bay Team Memo re BMP Efficiencies to VAMWA and MAMWA Boards of Directors

January 21 2009 Attachment F to this Appendix
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Chesapeake Bay Watershed Mode l Phase 5 Review

Review Panel: L
. Band, T
.

Dillah a
, C. Dnffy, K
.

Reckhow, C
.

Welty

Febr u
a

r
y 20, 2008

In troduction

In the fa ll o
f

2007 the Scientific and Technical Advi sory Committee (STAC) o
f

the Chesapeake

Bay Program (CBP) recruited the auth ors a
s

a
n independent panel o
f

experts to review the

Chesapeake Bay Watershed Model (CBWM) Phase 5 effort and make recommendations for

it
s

enh ancement. The review panclmet a
s

a group o
n Jan uary 2
3

- 2
5

in Annapolis, MD. Limited

documentat ion o
n the Phase 5 CBWM was provid e
d

in a
d vance. Presentat ions were given to the

review team b
y Richard Batiuk, Gary She nk, and Lewis Linker o
f

the EPA Chesapeake Bay

Program. Many o
f

thc documents distributed for rev iew prio r to the meet ing in Annapolis were

in dra f
t form, with key components missing o
r

incomplete. On the first day o
f

the review, CBP
personnel presenta tions provided a more detailed description o

f

the Phase 5 mode l components

and c
a libration process and a
n update o
n the status o
f

the Phase 5 model calibration and

valida

ti
o

n
,

which were in progress. On day two o
f

the review, CBP personnel respo nded to

addi tional panel questions and the panel began to conduct the forma l review, This doc ument

summarizes the panel' s assessment o
f

( I
) work to date, ( 2
)

the mode

l'
s suitabili t
y for mak ing

management decisions a
t

the Bay Watershed and loca l sca les, and ( 3
)

potent

ia
l

enhancements to

improve the predictive ability o
f

the next generation o
f

the CBWM. The reader should b
e aware

that model documentation required for this review was incomplete and this review is based

s
o lely o
n the information provided. Improved and continuous documentat ion o
f

the model and

data environment should b
e implemented a
s soon a
s poss ible.

The CBP represents one o
f

the largest and most complex watershed management effo

r
ts in the

U
.

S
.

and

it
s success is par tially contingent upon the acc uracy o
f

the CBWM. The task demands

a detai led desc ription o
f

hydrological, biogeochemica l and climatological processes over a multij
urisdictional regional watershed scale . Data demands are daunting and differenti ally ava ilable

ove r the watershed . While more proce ss-oriented research models are available, thcy arc not yet

feasible for thc geographic a
l

scale o
f

the CBP, and currently d
o not have the ability to simulate

all thc complexities o
f

the Chesapeake Bay Wate rshed (CBW) requ ired for CBP management

deci sions. The CBWM repre sents a significant simplification o
f

the CBW with significant

compromise s
;

however, we believe that the CBWM is appropriate given the scale, compl exity

and mechanistic basis o
f

the modeling and management frameworks that arc feasible with the

cur rent state- of-the-science ofwatershcd mode ling for management purposes. The env isioned

Chesapeake Bay Program Community Watershed Mode ling effort is promi sing and provides the

poten tial to engage a much larger community in thc devel opment and application o
f

the CBWM.

Additional complexities that the next gene ration o
f

the CBWM should address include: ( I
)

accounting for the fact that much o
f

sediment and nutrient

tr
a

nsport into the Bay may take place

during annua l extreme eve nts (these large eve nts are responsibl e for much o
f

the excess ive

erosion and flushing o
f

stored materials a
s well a
s CSOs and SSOs ( combined and sanitary sewe r

ove rflows)); and ( 2
)

the fact that management can involve significa n
t time lags in terms o
f

the

timing betwee n management changes and subsequent environmental response. We are

concerned that the present CBWM may not b
e cap turing the s
e complexities adeq uate ly.



II

The CBWM modeling team has done a
n extraordinary job o
f

pulling together the information

base from disparate sources, desig ning and implementing a set o
f

software tools and methods to

integra te a data and modelin g sys tem. This has been done with extremely limited perso nnel and

resou rces (monitoring, programming, disciplinary expertise, etc.),

It is important to note that the Phase 5 Waters hed Model is not a strict implementation o
f

Hydro logic Simulation Program-Fortran (HSPF) a
s was implemented in previous versions o
f

the

CBWM. The Phase 5 mode l is a melding o
f

two major components ofHSPF, the land segment

and reach simulation modules, with the Externa l Transfer Modu le (ETM), which modifies output

from the HSPF land segments to acco unt for the effec t
s

o
f

the presence o
r

absence o
f BMPs on

sed iment and nutrient loading to reac hes, The Phase 5 model also includes interfaces with other

models such a
s

the airshed, estuarine, and land use change models and various other modules,

which create the required VCI ( input) files

f
o

r

the land segment and reach models.

As in HSPF, the CBWM is a lumped, conceptual representation o
f

the watershed. The

conceptual stores and fluxes, which are lumped a
t

the subwatershed level (subwaters heds

average 6
6 mi2 in size), make it diffi cult to relate measured quant ities such a
s

soil moisture,

groundwater levels, and s
o

il and sediment chemi stry to simulated values. The choice o
f

the

subwatershcd level is a critical scale choice a
s

the model maintains a one-to-o n
e mappin g o
f

stream o
r

river reach to contributing subwatershed area . For appl ication to the full CBW, the

Phase 5 CBWM uses a threshold scale o
f

represent ing the extent o
f

the river network and

corresponding subwatershed partiti o
n

to streams with a
t

least 100 cfs mean annu a
l

flow ( o
r

5
0

cfs if the subwatershcd is gauged). This has the effect o
f

eliminating smaller streams and their

channel processes, and the ir effects are implicitly lumped o
r

included in terrestrial processes.

The sca le cho ice is based o
n data availability, available resources ( e
.

g
.

personnel, budge t
)

to

parameterize the model , and computational limitations.

The current implementation o
f

the model is mainly geared towards the sca le o
f

the major

tributaries and the Chesap eake Bay Bas

in
. A project o
f

this scale requi res a modeling and

information environment to formalize the approach with in a systems framework. This

framework is still evolvi ng.

The review panel was asked to address the following four questions :

I
. Are the model structure, dynamics, and calibration sufficient for the management purposes a
t

the regional sca le to support Chesapeake [ Watershed] water quality management with regard

to segmentation, land uses, HSPF modificatio ns, and ancillary s
o ftware?

2
.

Are the model structure, dynamics and cal ibration suffici ent for the management purposes a
t

the loca l waters hed sca le to support sediment and nutrient TMDLs with regard to

segmentation, land uses, HSPF modifications, and anci llary software?

3
. Are the data inputs suffic ient to support management deci sions with regard to meteorology,

nutri ent inputs, land use, BMPs, septic systems, point sources, and atmospheric deposit ion a
t

the regional and local sca les?

2



4
. Phase 5 is the latest generation o
f

a model that has been applied in the Chesapeake wate rshed

for more than two decades. To add ress increasingly complex and local-scale management

needs anticipated in the watershed, what should the next generation o
f

the Chesapeake Bay

Community Watershed Model look like?

These four questions add ress the utility o
f

the model for management purposes a
t

both the

reg ional (majo r watershed tributaries) and local (
- 66 mi2 subwatershed) scales.

Response to Specific Questions

1
.

Are the model structure, dynamics, and calibration sufficientfor the management purposes a
t

the regional scale to support Chesapeake [ Watershed} water quality management with

regard to segmentation, land uses, HSPF modifications, and ancillary software?

a
. Before this question can b
e answe red fully, model calibration and v
a lidation must b
e

completed, documented and re-rcviewed since the panel only had the opportunity to

review draft model documentation and to eva luate preliminary calibration and validation

results. While a substantial number ofmodel simulations have been produced and

compared with time series o
f

flow, and sediment and nutrient concent rations and loads,

th is information must b
e summarized a
t

the scale o
f

the major CBW tributaries. The

calib ration strategy appears to b
e innovative and sound, but it is difficult to judge unt il

completed. The time series comparisons that were presented to the review team were

interesting, but did not convince the panel that a
n adequate calibration had yet been

achieved beyond streamflow. Although Question I does not directly address valid ation ,

we feel that validation is essential and a requ ired step in model deve lopment, part icularly

if the model is to b
e used for TMDL development purposes. The current v
a lidat ion

strategy -
-

s
e lecting v
a lidation time periods within the calibration period- - is not a good

one, a
s

this is likely to simply re-confirm the results from calib ration per iods that are

adjace nt-in-time to v
a lidat ion periods ( which might resu lt in the validation period being

esse ntially equivalent to the calibration period). A much better strategy is to completely

sepa rate c
a libration and validation time periods - for example, calibrate with the 1985- 9
5

data and then validate with the 1995-2005 data. I
f the results o
f

the validation exe rcise

suggest that the calibrated model is flawed, then the validation resu

lt
s can b
e used to

r
e formulate the model. In that case , the best option for re-validation would b
e

to use the

orig inal c
a libration data set for validation o
f

the rev ised model.

b
. We still believe that uncertainty analysis is essen

ti
a

l. We understand that the model is

very consumptive o
f

computer time to operate for the full CBW. However, uncertainty

analysis could provide the basis for the "marg in o
f

safe ty" ( MOS) used in the TMDL
plans. We see two options for this difficult problem: ( I

) use the difference between

predictions and observations during the v
a lidation period to serve a
s a measure o
f

prediction uncertain

ty
,

o
r

( 2
)

follow ing the 2005 review recommendat ion, use one o
r

two

o
f

the tributaries, o
r

representative subwatersheds ofa tribut ary, for this purpose. This

would reduce the amount o
f

compute r time necessary to run multiple realizations.

3



c
. We have concerns regard ing the representation ofBMPs in the model. Several BMPs

(improved nutrient management and low till row crops) are implemented a
s separate land

uses reflecting altered management and app eal' reasonable. Other BMPs are simulated a
s

edge-o f
- field ( EOF) o
r

edge- of-stream (EOS) practices and their effects are simulated

using constant ( 0
-

1
)

efficiency factor s drawn from the literature and best professional

judgment. There are two specific concerns with this approa ch:

( I
)

In many cases, these latter BMPs may not conserve mass. Removal o
f

sediment

and nutrients are not explicitly accounted for in the model mass balance. A means

must b
e found to acco unt for and simulate the long-term fate o
f

sediment and

nutrients that are " trapped o
r

removed" b
y BMPs if they are not permanentl y

removed ( e
.

g
., den itrification o
r

tran sport out o
f

the watershed). As a
n example,

build- u
p

o
f

sediment o
r

nutrients in a buffer o
r

wetland may lead to reduction in

removal effici ency ove r time o
r

conversion o
f

the BMP to a s
o urce under certai n

conditions. A
t

present , n
o build- u
p ofmass in these BMPs is simulated, nor is

subsequent release during extreme events permitted.

( 2
)

Removal effi ciencies o
f BMPs are known to b
e depend ent o
n climate, now rates,

hydrogeologic sett ing, and implementation and maintenance conditi ons. Within the

External Transfer Module ( ETM) framework, these effici encies are currently fixed a
t

constant values. However, they could either b
e sampled from a distribution function

(with form and bound s set from the literature) o
r

conditi oned o
n now rates ( if

appropriate). This would allow " breakthrough" o
f

sediment and nutrients for a subset

o
f

the population ofBMPs, which could have important downstream impact s
.

d
.

The limited coupling o
f

the land segment and river reach modul e
s does not allow for

overbank deposit ion, o
r

other important loss rates from the river reach system under high

now conditions o
r

under extreme drought ( if we understand the model correctly) . This

may bias total export predictions but we note that a much more detailed mode l would b
e

required to address these issues. A similar situation exists for dynamic interac tions

between wetlands and stream reaches. These issues should b
e dealt with in the next

generation o
f

the model.

e
.

The model currently is implemented with a representation o
f

river reaches with mean

annual now exceeding 100 cfs ( o
r

5
0 cfs for gauged watershed

s
)
,

which fails to account

for smaller streams and the heterogeneity o
f

small watershed s that can influence BMI'

performance and the devel opment o
f

management options and TMDLs.

f
. Valid ation has been conducted b
y choosing speci

fi
c years within the 1985- 2005 domain

to use a
s

validation periods. This approach does not account for long- term changes and

the stability o
f

the model parameters over a period that may have significant change in

climate, land use o
r

management options. Instead, we recommend that the modeling

team identify those watersheds with sufficient hydrologic, nutrient and sediment records

to allow a
n initial calibration period ( e
.

g
. 1985-2000), and a subseq uent contiguous

validation period ( e
.

g
.

200 1
-

2005). These periods may vary in length and time for the

different stations depending on the availability o
f

data. I
t

is not necessary o
r

feasible to
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val idate each watershed given current data, but additional monit oring and use o
f

other

existing data sources not currently being used should b
e used to evaluate model

performance in key subwatersheds in the Phase 5 modeling effort. Validation efforts

should focus o
n tho s
e watersheds with adequate observed data for calibration and

validation.

g
.

The model does not represent the full coupling of the groundwater to the surface water

system o
n a regional scale. It is believed that a significant percentage o
f

nitrate load to

the Bay is from direct groundwater inputs. Our understanding is that this is not fully

captured b
y

the model. A means should b
e found to capture this load if it is significant for

management decisions if possible. Otherwise this should b
e given a
s

a model limitation .

h
. The model does not capture long-term persistence such a
s drought flows because o
f

lack

o
f

coupling between surface water and groundwater. This deficiency also affects nutrient

loads a
s mentioned above.

2
.

Are the model structure, dynamics and calibration sufficient fo r the management purposes a
t

the local watershed scale to Slipport sediment and nutrient Tlv/ DLs with regard to

segmentation, land uses, HSI'F modifications, and ancillary software?

We define the " local watershed scale" a
s the current lowest level o
f CBWM segmentation,

characterized b
y

reaches with mean annual flow > 100 cfs (
- 66 mi2 area o
n average).

a
.

This question was discu ssed a
t

length with the CBWM team . We agree with the team

that the current CBWM implementation is not appropriate for development and

implementation o
f TMDLs a
t

the local watershed scale. A major barrier appears to b
e the

scale o
f

information built into the CBWM, which is based o
n the county level data and

river reach segmentation a
t

the 100 cfs th reshold and designed for full wate rshed o
r

maj o
r

tributary sca le analysis.

b
. A potential approach is to make use o
f

community modeling framework in which local

watershed managers could make use o
f

additional modeling tools and data to resegment,

recalibrate and implement the model a
t

app ropriate local scales using more site specific

local information. Local-scale data can b
e obtained from specific sampling and

measurement, o
r from higher-resolution spatial data sources and modeling tools.

3
.

Are the data inputs sufficient to support management decisions with regard 10 meteorology,

nutrient inputs, land lise, BAll's, septic systems, point sources, and atmospheric deposition a
t

the regional and local scales?

Response for Regional Scale

a
.

Yes, with the following qualifications. We assume regional sca le to mean major

watersheds e
.

g
., from the sca le o
f

the Patux ent to the Susquehanna River Basins. The

data o
n meteorology, land use, point sources, and atmospheric deposition appear to b
e

o
f

suffic ient quality a
t

this scale. A
t

the county level there appears to b
e reasonable

estimates o
f

fertili zer s
a

les, which are used to e
s

timate nutrient inputs a
t

the
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county/ subwatershed scale. Data available from soil- testing laboratorie s
/ programs could

possibly b
e used to estimate soil phosphorous pools for the models. BMP efficiencies are

estimated from literature values, expert judgment, and county- level data bases. BMPs are

being represented in the simplest way possible ( described prev iously); representation o
f

BMPs statistically and dynamically is important. In terms o
f annual changes, this can b
e

represented b
y

the model (data o
n BMPs can b
e changed annually). As in thc model

review recommendations of2005, we recommend/ encourage the mode ling team to

compile account for the dynamic behavior o
f BMPs with respect to their efficiencie s
.

b
. Wc arc concerned about the low- order meteorological interpolation a
s

it has the potential

to oversmooth weather patterns, leading to a loss o
f

information about local extremes,

The inaccuracies o
f

precipitati o
n timing will significantly affect the hydrology modeling.

We recommend considering use o
f

the bias-corrected and merged NEXRAD- gauge

precipitation data ( I km2 grid) a
s

it becomes available, and to evaluate the current

precipitation product for use prior to the period ofNEXRAD availability.

Response

f
o
r

Local Scale

We believe that it is inappropriate to usc the existing CBWM county and subwatershed

data sets for local-scale model ing applications. Data must b
e disaggregated a
t

a finer

scale for local scale applications.

In addition to the national 30-m data sets for land covel' and soil survey s
,

there are a

number o
f

small-scale watershed s « 100 cfs) within the CBW that have fine- scale

temporal and spatial data sets available ( e
.

g
.

weekly chemistry, LiDAR, more detailed

land cover and infrastructu

r
e
,

etc.) that can b
e used for smaller-scale modeling

applications. Examples include the Baltimore Ecosystem Study Long Term Ecological

Research site; SERC research sites; the Penn State Critical Zone Observatory

(Susquehanna/ Shale Hills/ Leading Ridge); Virgini a
'

s Nomini Creek, Owl Run, Polecat

Creek, Long Glade and Mossy Run watershed studies; and USGS and ARS research sites

and watershed monitoring studi es.

4
.

Phase 5 is the latest generation ofa model that '. I
' been applied in the Chesapeake watershed

fo r more than two decades. To address increasingly complex and local- scale management

needs anticipated in the watershed, what should the next generation ofthe Chesapeake Bay

Community Watershed Model look like?

Our comments below address the CBWM and d
o not address the Chesapeake Bay

Community Watershed Modeling effort a
s

it is not currently operational.

a
.

Long- term mass balances. The Chesapeake Bay restorat ion and other large-scale

watershed and ecosystem projects are addressing proce sses and management actions that

occur and will have impact over decades. Over this period o
f

time, intentional and

unintenti onal chan ges in the characteristics o
f

the watersheds will occur, includin g land

cover, climate change, land management, and ecological success ion, Over short time

scales these may b
e prescribed, whereas over long time scales allowance has to b
c made

for interactions and feedbacks among these processes, A
s

a
n example, in the current
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model, mass is not fully conserved in the methods used to simulate BMPs and deep

groundwater percolation. Groundwater flows, BMPs, and other processes should b
e

changed s
o

that mass balance is maintained.

b
. Process- oriented, distributed modeling a
t

the sub-basin scale. The CBWM is der ived

from a
n older paradigm that was not designed to produce state o
r

flux variables that can

b
e easily measured, except for stream flow ( e
.

g., soil moisture and tension, groundwater

levels, water vapor flux). The model would b
e more useful if there was a
n

ability to

compare a greater number o
f

measured and modeled variables over space and time. This

could include such var iables a
s

rooting zone soil moisture and groundwater depths.

c
.

Distributed approa ch. We recommend moving from a lumped conceptual model a
t

the

subwatershed sca le to a more distributed parameter approach that simulates processes a
t

smaller scales. We have the ability to make many more measurements now than we did a
t

the time HSPF was formul ated, both across different variabl e
s and a
t

different scales.

Therefore any new model development should take advantage o
f

new measurement

technologies ( e
.

g
., AOCP, satellite data ( e
.

g .
, canopy LAI, produ c
t

ivity, surface

temperature), sap flux, LiOAR , high resolut ion aer

ia
l

photography, eddy covariance

stations, continuous rea l- time nutrient and chem ical sensors, sensor network

technologies, and isotope lasers) to improve the temporal and spatial resolution ofmodel

inputs.

d
.

Ecosystem dynamics. The next generation model should incorp orate a dynamic

ecosystem approach that integrates and fully couples carbon and nutrients in the soil and

water cycles and incorporates spatially explicit land management activities.

e
.

Parallel computer processing. The next generation CBWM should b
e designed to take

adva ntage o
f

the capabilities o
f

para llel computing to allow watershed coupling and

feedback, reduce computational requirements, and facilitate analysis o
f

integra ted

management altern atives.

Suggested Implementation Time- Line and Additional Recommendations

The following actions arc suggested to improve the use o
f

the CBWM for management and

TMOL development purposes.

Immediate Needs

I
. A much higher level o
f

resources is needed for adequate model development, calib ration, and

valid ation. It is remarkable what has been accomplished, but the effort is too dependent o
n too

few highly-trained personnel. Given the great importance o
f

this effort to the success o
f

the Bay

in terms o
f

achieving water quality goals , the modeling effort appears to b
e grossly underfunded.

A reasonable approach is to implement a working design team o
f CB plus outside scientists and

eng ineers with technical support to begin the design and testing o
f

new and existing models that

specifically deal with these questions. The effort is critical to the success o
f

the Bay program and

achieving the Bay TMDL. A modeling budget double o
r

triple the curre n
t

level o
f

funding for

7



the next two to three years willlikc ly b
e required for the development o
f

Chesapeake Day

TMDLs that can withstand court challenge.

2
.

The mode l documentation , calibration, and validation must b
e completed s
o that these items

can b
e reviewed b
y thc s
c ientific and user community. The model documentation should b
e

cont inuously updated. The calibra tion efforts should b
e documented o
n subwaters heds and

watersheds with adequate monitoring data . Validation efforts should b
e limited to subwatersheds

and watersheds with adequate monitoring data.

3
.

There should b
e

a
n increase

in
,

and cross training

o
f
,

modeling team members s
o that

modeling effo rts are not dependent o
f

the skills and knowledge o
r

loss o
f

single team members.

The tcam has expe rtise in hydrology/ water quality modeling. I
t needs additio nal expertise in

computer programming, agricultural non point source pollution contro l, urban nonpoint source

pollut ion cont rol, TMDL development, groundwater hydrology/ mod eling, instream processes,

etc. Additional perso nnel d
o not necessarily have to b
e full time, but they must b
e engaged with

the effort and b
e able to work with thc CBWM team o
n a regular (weekly) basis.

4
.

The monitoring to support CDWM development, calibration, and validation should b
e

improved. In terms o
f

monitoring, given the investment in the 20-ycar history o
f

the modeling

program and the envisioned costs o
f

restoration, it is remarkable that there are only three

continuous daily nutrient and sedim ent monitoring stations (our understanding) in thc entire

64,000 s
q

m
i

Chesapeake Day watershed , Given the advancements in sensor and sensor network

technology, it is o
f

param ount importance to invest in this technology and link it to the model ing

effo r
t

to improve the model calib ration quality . The monitoring could also b
e tied to the intensive

subwatcrsheds mentioned in ( 2
)

above.

5
. We were very impressed b
y the creative methods used to automate and improve calibration b
y

focusing o
n specific properties o
f

the streamflow time series and relationships among model

parameters. We recommend that th is approach b
e exp lored further.

6
.

Although major changes have been undertaken to develop the current model, major software

engineering needs to b
e undertaken to streamline the code, make input and output processi n
g

more efficient, and utilize interactive web-based visualization software. The Chesapeake Bay

Community Modeling Program has started to d
o this, although this is not yet opera tional.

7
.

Calibration and validation could b
e improve d b
y using a variety o
f

additional tools: temporal

aggregation, disaggregat ion (Bo, Islam, Eltahair, 1994, Water Resources Res., 30(12), p
.34233435,

smoothing, and space- time principa l components analysis (Elsner and Tso nis, 1996,

Singular Spectrum Analysis, Springer, I77pp). A good effort in this area has been made in the

innovative calibration methods that seck to preserve important properties o
f

the hydrograph, e
.

g
.,

recession rates.

8
.

Unce rtainty analysis. There is a need to develop some uncertainty measure o
n predictions.

One poss ibility is to devel o
p a standard errorcalculation based o
n predi cted versus observed

values dur ing val idation; this could b
e the basis for the margin o
f

safety ( MOS) calculat ions

needed for TMDLs. For longer time series o
f

available data, recalib ration o
f

the model could b
e

8



used to evaluate the stability o
f

parameters a
s

a function o
f

time to determine whether they are

stable o
r

drifting.

9
.

There should b
e a more cleanly thought- out scenario process. We understand that the scenario

development is not fully controlled b
y

the modeling team, but there may b
e some schemes

developed to categorize and catalog different types o
f

scenarios s
o

that a master database o
f

model responses to different management scenarios is available without running the model. This

can b
e used both to aid managers who may b
e able to base planning o
n previous results, identify

missing key scenarios, o
r

serve a
s a basis for a data mining approach to formulate simpler

models o
r

emergent properties o
r

behaviors o
f

the Chesapeake Bay Watershed.

10. An assessment should b
e made o
f

the use o
f county- level data from state soil testing labs to

set initial soil nutrient level pools o
f

major soils, crops, and land uses and update pool

concentrations over time if soil testing lab data indicates changes. The approach used to quantify

soil nutrient pools and fluxes should b
e changed s
o that nutrient pools are not calibrated.

I
I . New land uses should b
e added s
o that appropriate BMPs can b
e simulated using HSPF itself

( a
s with low till cropland and improved nutrient management) rather than BMP efficiency

factors.

12. Procedures should b
e developed to simulate the dynamic nature o
f BMPs and the sensitivity

o
f BMPs to extreme events.

13. It is important to continue the development o
f

a Chesapeake Bay Program Geodatabase a
s

has been discussed a
t STAC and CCMP meetings. This standardizes

a
ll data within the Bay and

Watershed and allows wider use and application through standardization.

Intermediate Needs ( I to 3 years)

I
. The model should b
e used to identify subwatersheds that deliver disproportionate sediment

and nutrient loadings to the Bay and that have disproportionate impacts o
n Bay water quality

during critical periods. This could b
e used to target Bay implementation activities to the

most cost effective sources.

2
.

There should b
e

a
n applied research program established b
y

the CBP to improve our

understanding and ability to model key processes affecting sediment and nutrient transport in

the CBW. The research program should b
e directed towards achieving the science and

management goals o
f

the watershed component o
f

the Bay program.

3
.

Improved representation o
f

channel erosion, scour and deposition dynamics is needed. The

possible use o
f

components from the CONCEPTs o
r

other channel erosion models should b
e

investigated.

4
.

Action should b
e taken to proactively identify and consider future threats to future water

quality ( e
.

g
., thermal waste heat from power generation, ethanol waste fertilizer issue, dredge

spoil disposal, allocation issues) and identify potential ways that they can b
e simulated in the
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model should the need arise. This may b
e

a
n appropriate activi t
y for the applied research

program.

Long- Term Needs (4 to 6 yca

r
s
)

I . Adequate funding and resources must b
c provided for a
n integrated mode ling and monitoring

program to enhanc e modeling effo rts.

2
. A new genera tion o
f

the CBWM is needed tha t

is
:

a
.

Not based on HSP F

b
.

Process- oriented and represe nts

o Instream proce sses ( interac tions between biotic and abiot ic components o
f

thc

ecosys tem)

o Dynamics o
f BMPs - simulates BMPs through their effects on model param eter s

rath e
r

than wit h current efficiency facto r
s and accounts for ultimate fate o
f

" trapped"

sediment and nutrient s
.

o Evapotra nspiratio n
,

crop growth, s
o

il nutrient and carbon dynamics ( c
o ntinuous mass

balance)

o Groundwater dynamics, nutrient tran sport, and groundwater loadin g
s

to streams and

d
i

rectly to the Che sape ake Bay

o Flood plain dynamics (

in
t

era ctions between sediments and nutrients in the flood plan

and channels)

o Wetland dynamics (interactions between wetlands and channel systems)

o Priority pollut ant s other than sediment band nutrients

c
. A distributed parameter model

o with much finer land seg mentation and stream network rcprescnt ation

o that is able to identi f
y areas a
t

the sca le o
f

1
0 hectares that arc disproportionately

responsi ble for water quality impacts

o that utili zes remote sensing data to estimate both historical and real-time model

parameters

3
.

Potent

ia
l

to deve lop TMDLs for sediment and nutrients a
t

the " loca l" scale.

Fina l Thoughts

Similar to the Everglades restoration in approach and complexi

ty
,

the Chesapeake Bay

restoration is dependent on a combination o
f

integrated modelin g
,

monitoring and expert

j udgment to forecast and guide management effo

r
ts with particular emphasis o
n nutrient and

sed iment management, Both efforts must deve lop and j ust ify a
n integrated framework includ ing

the coo peration o
f

multiple federa l, state, local, public and p
r

ivate stakeholders in thc design and

implementation of a range of practi ces designed to reverse a large -scale eut rophi cation process.

Management changes have a long-term memory. Pers istence comes in over much longer time

tables. The efforts will put in place strategies to alter hydrolo gic , ecosystem and socia l systems

with the aim of pre serving and improving valu able ecosystem serv ices pro vided by the CB and

the Everg lades, understanding that there may b
e long term lags and feedb acks between the

1
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installation o
f

the practice and significant outcomes .

Consequently, the restoration efforts in the Bay may yield much o
f

the ecosystem services

benefits o
f

land management over a much longer term owing to time lag. I
t

is essential that the

Watershed Model, in conjunction with the linked atmospheric and bay models b
e able to

represent these lags and feedbacks. In the Everglades, this has been approached b
y coupling a

full ecosystem model with a distr ibuted hydrologic simulation. A similar goal should b
e set for

the CBW. In both cases o
f

the CBW and the Everglades, the ability to develop and apply these

models requ ires a significant amount o
f

interdisciplinary data and observations to calibrate,

ver ify, and guide mode l efforts . This should b
e a goal o
f

the scientific and management

communities.

1
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